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Dir-CHINP BBHAVIOR OF MILITARY AIRFLASES 

A3 AFH3CT.ED RY DITCHING AIDS 

^y Margaret "*. Staiiwr 

SUMMARY 

Planirp devices  erch as "yJr,c.'clla*'e and Jydrofoils 
wer"!  ::r>stabled on several oynuvicnl 1 '  PPT.l<?d "inde]3  of 
rsili^firy airnlnr.or,  and   their   3f'f'cet:i.*-en3CP   in Ir-provln/r 
ditching cheraoteri rtfcp was d^K-r-incd from torts 
coverin- a rum'ier of c'it'ühin? .^rid ition?. 

Tr> peneral^  these ditehin'- aids •.•/ere   fv;imd to be of 
val'i.i.     The ditcldnr Bids tcrtad ot'.isod  a induction in 
the m.ylmm lon/'itudinal  ,'filong t'e  fore  and aft txls) 
deo<j?.i.rz,t* crs arid kopt the forward  part of the   fusela/je 
cl--ar  rl"   the water  during r.iott;  01' the  run.     In the  ease 
of a full-soale ditchir'j this probably would result in 
less darrage to the   Aisela.^e bot<;n;?i and less flooding of 
th-3  airjlft'ne,   thus rodrcln« tha Luzard to the  crew. " 

As a ti.ck;reund  to the mode]   teats,  this report 
present« j-er.eräl information .-a^-ai'din,: ditching aids and 
some experimental data obtained f.'urin^; teste on <A hydro- 
flap in the  inpact bapln at the Langley T.aboratory. 

Extensive  Ceata with dynamo ;.odolc were conducted 
at the Lan^loy L&'joratory in tank no. Z and at an outdoor 
catapult to investigate the ditching characteristics of 
military airplanes. 

It was found in those oarlior toats that, in oomo 
inetancoa, violent decolerations occurred boetuoo of the 
high hydrodynarcic drag of ^rotubjrancoa such as turrets, 
wing flaps,  and nacollos, bocau3o of tho ^onoral 3hapo of 
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the fuselags bottom, or becaus»-©£ the effect of daauge 
to various parts cf the fusela3u. Also, reports of full- 
scale ditchings hbd indicated that damage to tho fuselage 
bottoms and the flooding of the fuseluge led to ouicJ: 
•Inking of the airplane"after a ditching. 

"he earlier tost« were aooordlngly exttndud to 
investigate th« ncrfom.onco of dynamic modele of eev .ral 
military airpliws aqvipnjd with ditching aids. These 
devisee ware dss'pned to dissioate verticil and angular 
mo9>6ntuiR| prevent the nose and nacelles from dlrgin? into 
the writer, and deflect the water so as to reduce loads on 
the bomb«bay aria. 

Vhis report peasants data fr-c« tests which v;ere made 
at an outdoor oatspult to investigate the effectiveness 
of ditching aids. 

Oi,N!.FAL lü'.^Xi'.B&fTS  OF DITCinm  AIDS 

Oa the basis of the previous model tests and actual 
experience a ditching aid to bs effective should dissl- 
pats the vertical and angular .no::entu:n, prevent the nose 
of the airplane from dipping into the ivater, and deflect 
the watar away from the bottom of the fuselage so as to 
reduce .noodi: under the pilot's co:.:partr.:ent and on the 
bo :b-bay doors during a ditching,.. — 

The above general require 
of sov-;rol types of aids but t 
aid should offer very little a 
r-ecjui^o on]y slight modlficii.J. 
•"he ditching aid nay bo plmcd 
reinforced to take landing loa. 
location or main land Inr— rear 
the additional weight of a com 
airi installation for a largo b 
faw hundred noun:1.'-. 

me.-jts can be met by any one 
o be practical the ditching 
ir drag, be simple, and 
on to the airplane structure, 
at a point which is already 
Is, such as the nose v/h^cl 
location.  If this is done, 
olete retractable ditching- 
o.nbor should not exceed a 

A device, which immediately suggests itself, is some 
sort of P. nl.ar.in/- surface in either the form of a hydro- 
flap or a hydrofoil. 

\'ydroflt;ps.- Tho hydroflap, as used in these tests, 
is a long inclined plate installed beneath the forward 
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rortion of the   fuselage or under the nacelles  2/  an 
airplane.     It serves as a shoe;: t.bsorber ui) it rntera 
the water «nd,   If of adequate  3?.2e,   .it  Is able   to 
absorb  tu?  landing  impact rnd  allow the aircraft  to 
nlano   alo:i,"  tho wator with  tha nose,  nacelles,   and 
forward purt of the  fuselage boi.tOi.-i clear of tha  water'. 

Although  the wa':e  pro-iort.'es of n hydroflap are 
not  too well   established,   it  i.ö  thought   that  con- 
alderable »area of the  '11301 age bottom will  be afforded 
protection b\' the hydroflap waite. 

The attiti^e  o.' th 
airplane during a ditch 
of 3° to 12°. To />rote 
be narrow laterally to 
should proiect a co.isid 
beneath the no3P so tha 
the flan urd the roar o 
at about the same fci\:e. 
the no3& out of the wat 
tends to sink ijito thr; , 
should he 13 ttle ohanga 
the early atagea of n 

a  longitudinal ax'a  of  the 
in^:  'a usually of the order 
ct the   lose,   a hydroflap should 
limit the  initial loa-lint; and 
erabla distaace,   vertically, 
t centjet  .«.Lth  the water cf 
f t2ia   fueelagt   would  00our 

The  flap aliould   tend to hold 
er whi Lo   thd  rear of thn  fuselage 
hydroflap wake so that thera 

in fuselage  attitude  during 
nooth-vrater ''itchtji-:. 

Hydrofolla.- Another di toiling aid,  wMeh may 
acconplis'.'j't>e  aprue  purpoaa as a hydroflap but in a 
sllahtly different manner,   Is a   V-type hydrofoil. 
Thi3 davloe,   a3 used   In   Bheaa  tests,   la a niato havtns 
a span of several   feat  ani  a chord of about one-sixth 
to ona-ei-hth of  the   span.     It  .i.c  susper.Jed below the 
nose  of an air^lav.e by struts,  hus a alight dihedral 
In   the  sn-uiv/Ise direction,   and has a cross  section of 
an a rfoil. 

As  the hydrofoil  cont-.ic 
nlate; howover.   Its  3*?iall  or 
angle  of incidence with  the 
Immerae  inüP  t^s wator.     At 
lengths the hydrofoil   !s not 
of the  water an^ except   for 
orevail«    As tho '-•«drofoll a 
reduction in  tne mas3  of •.•;>, 
hydrofoil ceuse3  reduction 
on  the  uopor surface  and  a:: 
a^ain acta  as a  very wide hy 

ts,   't acts  aa  a winning 
ord length  and  lo.v  po3it've 
water surface oernit  it  to 
a depth of ij. or 5 chord 
Influenced b? the  jurface 

cavitation" airfoil   conditions 
jaUi approaches  the  surface, 
er llowin/v above   the 
a   the negative  nres3ures 
it  leaves  the  water,  it 
dro.fl p.o. 
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If the noso hydrofoil  '.HS a negative  uttitudo  at 
any time   faring a ditching,it will  cause  a downward 
force whloa will he hazardous.     In order to eliminate 
thlfl danger it may be deslrnble  to have  the hydrofoil 
onerate  ät a high anglo  of attack.     If this Is done, 
con.rlatfe cav'tation should oecjr throughout the lnmaralon 
and  ':.ie hydrofoil »lit net similar to a wide hydro flap 
rathsr than nr. airfoil. 

ArPARA?T?S AND PSOCFDtRfi 

T":e  aoparatua us?d and   the general  rrooedure   followed 
at  the  outdoor catapult   'n  conducting n:odel  tests  are 
described  In i-efe renews 1  and 2.. 

Dynamic modal« of the Army B-26,  B-25,   ".-17F, 
3-2ij,  <u/c»  A-20A  airplanes 'vjre  ujed In   the   tc3t3.     All 
of the r.odels axoact that 01* tha 8-17F alrolana were 
altered  to  alnulatä  daiage  of such parts  as   tie  bomb 
doors,  noae-wheel door,   bottom hatches,  and  bombardier's 
winnow as described  in refer-ence  1.     Bio   3-17F model 
was tested with bomb doors   Intact and with the  belly- 
turret rigidly fa3ten-iJ in  olaee and with alnulatad 
damage  of nose  window and  hotten hatches  since   the 
most unfavorable  dltohlng nerfemance v/as  Obtaload 
In tMs condition,    .'.'odels  oi*  the   8-25,   '-26,   and 
A-2UA"alrplanes wore   tested with bovib doors  In  place 
which were daalgnad  to  fall  on ^jrect contact with the 
watf;r as in a full-scale dit-.hing.     Dltohlnga were 
made with and w'thout d! tehlng .aids  to determine 
roughly the extent of nroteot.ton afforded to the woatc 
bomb door by an aid. 

l*e  fiieneral  3r>6elflcat tons  of tha d'tcMng aids, 
w'i • ch irera   Installed  on  the  various mode la, are pre- 
sented In table   T. 

Typical   installations  oi* the nose hydroflap, 
nacelle hyciroflans,   and a noso hydrofoil are  presented 
in flguraa 1,  2,   and }. 

R£3<'TJ PS 

Hydroflan test *n the impact basin.- As a background 
to the model tests, a preliminary test was made in the 
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As a point entered and left the water it experienced 
a  peik pressure approximately eouel  in magnitude to   the 
maxiam dyni.mlo pressure for tho effective velocity at 
«hioh  the point was traveling relative to the water. 
TJuring the rest of the  immersed period,  tho value of 
the  pressure was about one-half of tho peak value. 

The peak values would heve been   slightly less at 
points farther up on the hydroflup than they were at 
the locations of the  pressure  gages used  in the tests. 
For the ovr-all fcydroflap design a uniformly dis- 
tributed sustained   pressure cf one-half the peak value 
could be  aspumed whllo the penk pressure  values could 
be used In the local design of the hydroflap. 

The hydroflap innieraed aboufc 25  Inches vertically 
(full  stiilc)  before   vertical   ration  wes  dissipated. 
This depth »ould have reou*red e hydroflap Inclined 
at  30° to  the fuselage bottom and approximately 6 feet 
in  length tc keep the nose of the fuselage clear at 
the  tfst  speed. 

Pynam1o model  tests at the outdoor catapult.- 
To allow for  vnrlatförs  In  aesway,  wind,   or testing 
technique  several runs were usually nude with a model 
holding the attitude,  speed,  and structural da.iage 
constant. 

Table II aumr-arlaes the observed general performance 
of ttu  various models with and without a ditching aid. 
The number of runs considered and the conditions of 
seaway arc  indicated. 

Table III presents values  of maximum longitudinal 
decelerations  (along the fore and aft axis) obtained 
in ditchings of various models with and without ditching 
aids.    Typical runs made under similar conditions are 
compared  to demonstrate the effect of ditching aids en 
maximum longitudinal decelerations. 

Table IV presents data which roughly Indicate 
the extent that ditching aids protect the bomb doors. 

Figure 7 is a plot of time histories of longi- 
tudinal decelerations obtained in  typical ditchings 
of several dynamic models with urd without a dltohing 
aid. 

' 
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The nacelle hydroflaps were successful In pre- 
vent! n: violent turns In wine-low landings by reducing 
the nacelle drag and therefore the hl^h jawing  moment. 

Effect of ditchln- ald3 upon deceleration. - In 
every ir.stancc the m.'ixiSun longitudinal deederät 1 on 
(alon- the fore and aft nx'.-J was e'ectssert when an 
aid was used.  In most runs the deceleration was 
"reatly decreased over ti.at experienced in runs without 
an aid, althoujn, in a few instances, there was ruch 
benefit offered by an aid. 

Protection of fv.nela :e bottom. - Jn landing! in 
smooth" v. a tor and raraileT'io TTTo waves, t.iore was an 
indication that some protection to the fuselage bottom 
woula be accomplished by tue 11010  hydroflap.  T.ie 
hj'drofoil also* afj'oi'dcd so..ie protection to ti.e forward 
':alf of the f..:3eln;,o bottom insofar >rj that portion 
was hold clear oi' the water until late In the run. 

Tffectivene33 o£_ 
The no~e~H'yarc:rä"r-> and By 
models which were citched 

ditc.tin^: alt in rou'-h water. 
Irol'STx  ivtTc iT-stulkci in 
in smooth and i'ouju water, 

3oth devices were most effective in s^ioctii wnter but 
appeared to be of considerable value In moderate seaway 
when landing paralled oo the waves. 

The hydroflap usually 3 cceeded in holding the 
•none elf ar in ditchings .-.'ado across the woven except 
in a few cases whan tne ".odel skipped and re-ent.orori 
In a ncse-down attitude so that the hydroflap tri" 
a;r-le was very email. 

The hydrofoil wan effective in landin- across swells 
but v/93 not tested In rough -jreo'flnr;  waves. 

The nacelle hydroflaos used were too sir.nil and 
provided insufficient pitching moment, to be of mi:eh 
value In a ditchin • across ti.e waves but longer and 
wider hydrofla.js would rirooauly ..arc improved ditching 
performance in rough water, 

Oenoral observations. - Jud':in_; from model test3 
it wouIS be ue3t Eo have a.  .:o^e-ciitchinj aid in 
conjunction with aide'under rach or t:.o In oard 
nacelles. 
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If hydroflaps ar» uF»d.  th«y shotAd be trapezoidal 
in plan forn and It would be desirable for the naoelle . 
flops to have a V-typo croas aecilon  (dihedral) in 
order te Introduce ap/Ji-oprinte forces for reducing the 
yi.v that accompanies a slightly wlr.g-low ditching. 

It would be preferable to have all hydroflaps 
ccntaot tlie water at about the anv..e tir.e as the tall 
of the eirolene in order to minimise pitohtng. 

If a hydrofoil ia used it *'culd be desirable for 
It to be  Installed so that it will have little 
opportunity to operate, at a level or negative attitude« 

Retractable ditch?ng »ids should have negligible 
effect upon the top speed of the airplane. 

CONCLUSIONS 

^e following conclusions are based on tests made 
r-lth dynamlo models of military airplanes l&r.ded In 
calm and rough water at an outdoor catapult. 

1» Pitching aids would be an asset to airplanes 
which are  forced to operate extensively over seaway 
because of the follo'vlng beneficial  effects in event 
of a ditching: 

a. Decreased deceleration» 

b. Protection of fcrwurd fuselage bottom. 

o. Reduction of diving tendency. 

d. Reduction of yawing tendency during wing-low 
ditchings. 

2. Ditching aids pissed under the nose and under 
the nacelles, which house the main landing gear, would 
be practical means of improving the ditching behavior 
of military airplanes. 

Dangley Memorial Aeroncutlcal laboratory 
National Advisory Committee for Aeronautics 

Langley Field, Va., January 16, 1943 
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